
NI
TR

AT
E 

IN
 W

IL
LA

M
ET

TE
 B

AS
IN

 G
RO

UN
D

W
A

T
E

R
 

G
ro

un
d 

w
at

er
 d

at
a 

w
er

e 
le

ss
 p

le
nt

if
ul

 t
ha

n 
su

rf
ac

e 
w

at
er

 d
at

a.
 N

on
et

he
le

ss
, d

at
a 

fr
om

 w
el

ls
 s

am
pl

ed
 

by
 O

D
E

Q
 a

nd
 O

H
D

 b
et

w
ee

n 
19

80
 a

nd
 1

99
0 

in
di

ca
te

 th
at

 
ni

tr
at

e 
co

nc
en

tr
at

io
ns

 i
n 

gr
ou

nd
 w

at
er

 w
er

e 
re

la
te

d 
to

 
w

el
l 

de
pt

h.
 T

he
 h

ig
he

st
 c

on
ce

nt
ra

tio
ns

 w
er

e 
fr

om
 s

ha
l­ 

lo
w

 w
el

ls
, 

bu
t 

no
t 

al
l 

sh
al

lo
w

 w
el

ls
 y

ie
ld

ed
 w

at
er

 w
ith

Sh
al

lo
w

 w
el

l d
ep

th
 i

nc
re

as
es

 s
us

ce
pt

ib
ili

ty
 

to
 c

on
ta

m
in

at
io

n 
fr

om
 a

ct
iv

iti
es

 a
t 

th
e 

la
nd

 
su

rf
ac

e

hi
gh

 n
itr

at
e 

co
nc

en
tr

at
io

ns
. 

Fo
r 

w
el

ls
 t

ha
t 

w
er

e 
le

ss
 t

ha
n 

50
 f

ee
t 

de
ep

 a
nd

 l
oc

at
ed

 i
n 

ag
ri

cu
ltu

ra
l 

ar
ea

s,
 t

he
 M

C
L

 
fo

r 
ni

tr
at

e 
(1

0 
m

g/
L

) 
w

as
 e

xc
ee

de
d 

27
%

 o
f 

th
e 

tim
e.

 S
ix

 
sh

al
lo

w
 w

el
ls

 i
n 

ur
ba

n 
ar

ea
s 

w
er

e 
sa

m
pl

ed
, b

ut
 n

on
e 

pr
o­

 
du

ce
d 

w
at

er
 w

ith
 n

itr
at

e 
co

nc
en

tr
at

io
ns

 th
at

 e
xc

ee
de

d 
th

e 
M

C
L.

 O
nl

y 
on

e 
w

el
l t

ha
t w

as
 m

or
e 

th
an

 1
00

 fe
et

 d
ee

p 
(o

f 
18

0 
su

ch
 w

el
ls

) 
yi

el
de

d 
w

at
er

 w
ith

 a
 n

itr
at

e 
co

nc
en

tr
at

io
n 

th
at

 e
xc

ee
de

d 
th

e 
M

C
L

. 
Sh

al
lo

w
 w

el
l 

de
pt

h 
in

cr
ea

se
s 

su
sc

ep
tib

ili
ty

 t
o 

co
nt

am
in

at
io

n 
fr

om
 a

ct
iv

iti
es

 a
t 

th
e 

la
nd

 
su

rf
ac

e.

le
s:

 
th

an
 5

M
C

L 
fo

r 
dr

in
ki

ng
 w

at
er

gr
ea

te
r 

th
an

 3
49

0 
5 

10
 

15
 

20
 

25
 

30
 

35
 

N
IT

R
A

TE
 C

O
N

C
E

N
TR

A
TI

O
N

, 
in

 m
g/

L 
as

 N

G
ro

un
d 

w
at

er
 w

ith
 

hi
gh

 
ni

tr
at

e 
co

nc
en

tr
at

io
n 

te
nd

s 
to

 
co

m
e 

fr
om

 
sh

al
lo

w
 w

el
ls

. 
Th

e 
m

id
dl

e 
lin

e 
in

 
ea

ch
 

ba
r 

sh
ow

s 
th

e 
m

ed
ia

n;
 t

he
 s

ha
de

d 
ar

ea
 s

ho
w

s 
th

e 
ra

ng
e.

Ir
rig

at
io

n 
ca

n 
ac

ce
le

ra
te

 t
he

 
tr

an
sp

or
t 

of
 

ni
tr

at
e 

in
 t

he
 

so
il 

to
 s

ha
llo

w
 

gr
ou

nd
 w

at
er

.

AD
DI

TI
ON

AL
 IN

FO
RM

AT
IO

N
A

bo
ut

 th
e 

N
A

W
Q

A
 p

ro
g
ra

m
  

L
ea

hy
, P

. P
., 

an
d 

T
ho

m
ps

on
, T

. H
., 

19
94

, U
.S

. G
eo

lo
gi

ca
l 

S
ur

ve
y 

N
at

io
na

l W
at

er
-Q

ua
lit

y 
A

ss
es

sm
en

t 
Pr

og
ra

m
: 

U
SG

S 
O

FR
 9

4-
70

, 4
 p

.

W
en

tz
, D

. A
., 

an
d 

M
cK

en
zi

e,
 S

. W
., 

19
91

, N
at

io
na

l W
at

er
- 

Q
ua

lit
y 

A
ss

es
sm

en
t P

ro
g
ra

m
  T

he
 W

ill
am

et
te

 B
as

in
, 

O
re

go
n:

 U
SG

S 
O

FR
 9

1-
16

7,
 2

 p
.

W
or

ld
 W

id
e 

W
eb

 a
t

"h
ttp

://
w

w
w

rv
ar

es
.e

r.u
sg

s.
go

v/
na

w
qa

/n
aw

qa
_h

om
e.

ht
m

l" 
"h

ttp
://

w
w

w
or

eg
on

.w
r.u

sg
s.

go
v/

pr
oj

s_
di

r/p
n3

66
/n

aw
qa

.h
tm

l"

A
bo

ut
 n

ut
ri

en
t c

on
ce

nt
ra

tio
ns

 a
nd

 o
th

er
 w

at
er

-q
ua

lit
y

da
ta

 i
n 

th
e 

W
ill

am
et

te
 B

a
si

n
 

B
on

n,
 B

. A
., 

H
in

kl
e,

 S
. R

., 
W

en
tz

, D
. A

., 
an

d 
U

hr
ic

h,
 M

. A
., 

19
95

, A
na

ly
si

s 
of

 n
ut

ri
en

t a
nd

 a
nc

ill
ar

y 
w

at
er

-q
ua

lit
y 

da
ta

 
fo

r 
su

rf
ac

e 
an

d 
gr

ou
nd

 w
at

er
 o

f t
he

 W
ill

am
et

te
 B

as
in

, 
O

re
go

n,
 1

98
0-

90
: 

U
SG

S 
W

R
IR

 9
5^

03
6,

 8
8 

p.

T
et

ra
 T

ec
h,

 1
99

5,
 W

ill
am

et
te

 R
iv

er
 B

as
in

 W
at

er
 Q

ua
lit

y 
S

tu
dy

 S
um

m
ar

y 
an

d 
sy

nt
he

si
s 

of
 s

tu
dy

 f
in

di
ng

s:
 

R
ed

m
on

d,
 W

as
hi

ng
to

n,
 r

ep
or

t p
re

pa
re

d 
fo

r 
O

D
E

Q
, 

11
9 

p.

A
bo

ut
 n

ut
ri

en
ts

 i
n 

th
e 

en
vi

ro
n
m

en
t 

 
M

ue
lle

r, 
D

.K
., 

an
d 

H
el

se
l, 

D
.R

., 
19

96
, N

ut
ri

en
ts

 in
 th

e 
N

at
io

n'
s 

w
at

er
s 

T
oo

 m
uc

h 
of

 a
 g

oo
d 

th
in

g?
: 

U
SG

S 
C

ir
cu

la
r 

11
36

, 2
4 

p.

Sm
ith

, R
. A

., 
A

le
xa

nd
er

, R
. B

., 
an

d 
L

an
fe

ar
, K

. ]
., 

19
93

, 
St

re
am

 w
at

er
 q

ua
lit

y 
in

 th
e 

co
nt

er
m

in
ou

s 
U

ni
te

d 
S

ta
te

s 
 

St
at

us
 a

nd
 tr

en
ds

 o
f s

el
ec

te
d 

in
di

ca
to

rs
 d

ur
in

g 
th

e 
19

80
's,

 in
 

N
at

io
na

l w
at

er
 s

um
m

ar
y 

19
90

-9
1 

H
yd

ro
lo

gi
c 

ev
en

ts
 a

nd
 

st
re

am
 w

at
er

 q
ua

lit
y:

 U
SG

S 
W

SP
 2

40
0,

 p
. 

11
1-

14
0.

W
et

ze
l, 

R
. G

., 
19

83
, L

im
no

lo
gy

 (
2n

d 
ed

.):
 P

hi
la

de
lp

hi
a,

 
Pe

nn
sy

lv
an

ia
., 

Sa
un

de
rs

, 7
67

 p
.

A
bo

ut
 w

at
er

-q
ua

li
ty

 r
eg

ul
at

io
ns

 a
nd

 s
ta

n
d
a
rd

s 
 

U
.S

. 
E

nv
ir

on
m

en
ta

l P
ro

te
ct

io
n 

A
ge

nc
y,

 1
99

4,
 E

PA
 d

ri
nk

in
g

w
at

er
 r

eg
ul

at
io

ns
 a

nd
 h

ea
lth

 a
dv

is
or

ie
s:

 W
as

hi
ng

to
n,

 B
.C

.,
EP

A
 8

82
-R

-9
4-

00
1,

 1
1 

p.

U
.S

. D
ep

ar
tm

en
t o

f t
he

 I
nt

er
io

r,
 U

.S
. 

G
eo

lo
gi

ca
l S

ur
ve

y
O

pe
n-

F
ile

 R
ep

or
t 9

6-
22

7

U.
S.

 
G
O
V
E
R
N
M
E
N
T
 
P
R
I
N
T
I
N
G
 
OF
FI
CE
: 

19
96
 

- 
7
7
6
-
8
4
5
 

/ 
45
00
0 

R
E
G
I
O
N
 
NO
.

W
ill

am
et

te
 B

as
i 

O
n

N
it

ro
ge

n 
in

 S
tr

ea
m

s 
an

d 
G

ro
un

d 
W

at
er

, 
19

80
-9

0

N
at

io
na

l W
at

er
-Q

ua
lit

y 
A

ss
es

sm
en

t P
ro

gr
am

W
ill

am
et

te
 B

as
in

 
St

ud
v 

A
re

a

7.
S.

G
eo

lo
gi

ca
l 

Su
rv

ey
 

en
-F

ile
 R

ep
or

t 9
6-

22
7

by B
er

na
di

ne
 A

. B
on

n 
D

en
ni

s 
A

. W
en

tz
 

St
ep

he
n 

R
. H

in
kl

e

A
ug

us
t 

19
96

1'o
r c

op
ie

s 
of

 th
is

 r
ep

or
t, 

co
nt

ac
t:

In
fo

rm
at

io
n 

O
ff

ic
er

 
U

.S
. G

eo
lo

gi
ca

l S
ur

ve
y 

10
61

5 
SE

 C
he

rr
y 

B
lo

ss
om

 D
r. 

Po
rtl

an
d,

 O
R

 9
72

16
 

(5
03

)2
51

-3
20

0 
e-

m
ai

l: 
in

fo
-o

r@
us

gs
.g

ov

W
IL

LA
M

ET
TE

 N
A

W
Q

A
 S

TU
DY

 in
19

91
, 

th
e 

U
.S

. 
G

eo
lo

gi
ca

l 
Su

rv
ey

's 
N

at
io

na
l 

W
at

er
-Q

ua
lit

y 
A

ss
es

sm
en

t 
(N

A
W

Q
A

) 
Pr

og
ra

m
 b

eg
an

 s
tu

di
es

 i
n 

th
e 

W
ill

am
et

te
 

B
as

in
. 

T
he

 
go

al
s 

of
 

th
e 

N
A

W
Q

A
 P

ro
gr

am
 

ar
e 

to
 

do
cu

m
en

t 
th

e 
qu

al
ity

 
of

 
su

rf
ac

e 
an

d 
gr

ou
nd

 
w

at
er

 
th

ro
ug

ho
ut

 t
he

 N
at

io
n,

 a
nd

 t
o 

ex
pl

ai
n 

th
e 

na
tu

ra
l 

an
d 

hu
m

an
 f

ac
to

rs
 a

ff
ec

tin
g 

w
at

er
 

qu
al

ity
.

O
ne

 o
f 

th
e 

in
iti

al
 t

as
ks

 o
f 

th
e 

W
ill

am
et

te
 

B
as

in
 

st
ud

y 
w

as
 t

o 
re

vi
ew

 
an

d 
an

al
yz

e 
w

at
er

 q
ua

lit
y 

da
ta

 c
ol

le
ct

ed
 s

in
ce

 
19

80
. 

T
hi

s 
pu

bl
ic

at
io

n 
de

sc
ri

be
s 

th
e 

ni
tr

og
en

 
da

ta
 f

ro
m

 th
at

 r
ev

ie
w

. 
M

os
t 

of
 th

e 
su

rf
ac

e 
w

at
er

 d
at

a 
w

er
e 

co
lle

ct
ed

 b
y 

th
e 

O
re

go
n 

D
ep

ar
tm

en
t 

of
 

E
nv

ir
on

m
en

ta
l 

Q
ua

lit
y 

(O
D

E
Q

) 
as

 p
ar

t 
of

 r
ou

tin
e 

w
at

er
 q

ua
lit

y 
m

on
ito

ri
ng

. 
T

he
 g

ro
un

d 
w

at
er

 d
at

a 
w

er
e 

co
lle

ct
ed

 
by

 
O

D
E

Q
 

an
d 

th
e 

O
re

go
n 

H
ea

lth
 D

iv
is

io
n 

(O
H

D
).

IM
PO

R
T

A
N

C
E

 
O

F 
N

IT
R

O
G

E
N

 
IN

 

A
Q

U
A

T
IC

 E
N

V
IR

O
N

M
E

N
T

S 
N

itr
o­

 
ge

n 
is

 a
 p

ri
m

ar
y 

nu
tr

ie
nt

, 
or

 f
oo

d 
so

ur
ce

, 
th

at
 p

la
nt

s 
us

e 
to

 m
ak

e 
tis

su
e.

 A
lth

ou
gh

 
ni

tr
og

en
 i

s 
re

qu
ir

ed
 b

y 
al

l 
pl

an
ts

, 
la

rg
e 

in
pu

ts
 o

f n
itr

og
en

 to
 la

ke
s 

an
d 

st
re

am
s 

ca
n 

ca
us

e 
eu

tr
op

hi
ca

tio
n,

 w
hi

ch
 i

s 
th

e 
ex

ce
s­

 
si

ve
 g

ro
w

th
 o

f 
aq

ua
tic

 p
la

nt
s,

 p
ar

tic
ul

ar
ly

 
al

ga
e.

 E
xc

es
si

ve
 p

la
nt

 g
ro

w
th

 i
s 

ae
st

he
ti­

 
ca

lly
 u

np
le

as
an

t 
an

d 
m

ay
 c

lo
g 

w
at

er
w

ay
s 

an
d 

im
pe

de
 n

av
ig

at
io

n.
 A

s 
th

e 
ve

ge
ta

tio
n 

de
ca

ys
, 

ox
yg

en
 i

s 
co

ns
um

ed
; 

ev
en

tu
al

ly
 

th
e 

w
at

er
 b

od
y 

m
ay

 b
ec

om
e 

un
ab

le
 to

 s
up

­ 
po

rt
 

de
si

ra
bl

e 
sp

ec
ie

s 
of

 
fis

h,
 

su
ch

 
as

 
sa

lm
on

 a
nd

 t
ro

ut
, 

th
at

 r
eq

ui
re

 h
ig

h 
co

n­
 

ce
nt

ra
tio

ns
 o

f o
xy

ge
n.

T
he

 m
os

t 
im

po
rt

an
t 

fo
rm

s 
of

 n
itr

og
en

 i
n 

aq
ua

tic
 e

nv
ir

on
m

en
ts

 a
re

 n
itr

at
e,

 a
m

m
o­

 
ni

a,
 a

nd
 o

rg
an

ic
 n

itr
og

en
 (

w
hi

ch
 i

nc
lu

de
s 

am
in

o 
ac

id
s,

 
pr

ot
ei

ns
, 

an
d 

ur
ea

). 
M

os
t 

fo
rm

s 
of

 n
itr

og
en

 a
re

 n
ot

 t
ox

ic
. 

E
le

va
te

d

L
ar

ge
 i

np
ut

s 
of

 n
itr

og
en

 t
o 

la
ke

s 
an

d 
st

re
am

s 
ca

n 
ca

us
e 

eu
tr

op
hi

ca
tio

n 
th

e 
ex

ce
ss

iv
e 

gr
ow

th
 o

f a
qu

at
ic

 p
la

nt
s,

 
pa

rt
ic

ul
ar

ly
 a

lg
ae

.

am
m

on
ia

 
co

nc
en

tr
at

io
ns

 
ar

e 
ha

rm
fu

l 
to

 
so

m
e 

sp
ec

ie
s 

of
 f

is
h.

 N
itr

at
e 

in
 d

ri
nk

in
g 

w
at

er
 p

os
es

 a
 h

um
an

 h
ea

lth
 c

on
ce

rn
, e

sp
e­

 
ci

al
ly

 
fo

r 
yo

un
g 

ch
ild

re
n 

w
ho

 
m

ay
 

de
ve

lo
p 

m
et

he
m

og
lo

bi
ne

m
ia

 
(b

lu
e 

ba
by

 
sy

nd
ro

m
e)

. 
A

s 
a 

re
su

lt,
 t

he
 U

.S
. 

E
nv

ir
on

­ 
m

en
ta

l 
Pr

ot
ec

tio
n 

A
ge

nc
y 

(U
SE

PA
) 

ha
s 

es
ta

bl
is

he
d 

10
 m

g/
L

 (
as

 n
itr

og
en

) 
as

 t
he

 
m

ax
im

um
 

co
nt

am
in

an
t 

le
ve

l 
(M

C
L

) 
of

 
ni

tr
at

e 
al

lo
w

ed
 in

 d
ri

nk
in

g 
w

at
er

.

Sa
nd

y R
'm

S
al

em

Th
e 

W
ill

am
et

te
 B

as
in

 s
tu

dy
 a

re
a 

in
cl

ud
es

 
th

e 
W

ill
am

et
te

 a
nd

 S
an

dy
 R

iv
er

 B
as

in
s.



i 1 s.?ri' CD o ^ ??"

3* 'T O en 3

JIPI e: 5- 3 P r- ~3-">

II B-??

=.p'II

I!'Ml § a. q' -" «' 
I 3 <§' S 3 r p g. &  3

§ 2CJ.S a 3 ta o

" o 3 Q, o p. a. cc

i i 11 c ' -_ a.

GO o P TO T3 C. <!

| ! g. 3 |. £ !

i  «
 rt O
o 2.

fS. Mr-h

| i
2 25
CT 3 ^ TO
"I O

2> > *>
F1 S. s- 
2 n 3 &o 

g "

o -5
o ° 3- 5"

» "S S 5s o 2
- P o £ :; 3 
S 1 *  ° ° -a

Hi ill O* P* 5 ^ C &*
c 3 ^ n £ 55- ft a. o eg o

§
<; p a. o S3 
IS. 3 O J" Pj

3 31 ^ c a" <o ^ C ^P '"i C o 3 o 3 5 ^

g a- o a. P g
Q-* ^ £^ ?^ O.

3. ?' i*- p § g'
3 n a. £ £ S.
& 11 § i I- I I S. 3 3 o oj P- q- o TO «.
I § 9 ? S g*

Cfl S ^*

§ 1 I ^ ^5 
^ § TS s 1- s
S: 1 §

sit. ^ ^ !S

I-5

  3
-

P P ct p P < TT,
m S < 2 3 2 n P o ° o 3 3 js
^i 3.1 § g

s P 3 
-S 1 s f

c 
a. 5" 

ET
cTCfl

a-

CT* (TQ O 3 HH
P » o a H o § 3 E? TO ?d o 3 «. 3 P o ^ O K " tn O

!lll|l ° S o- 5 3 o GO ^ £L
3 ^^ V! ^ G. _^
3 5-   g 8T S 
Q 2. 2_ 5 c

a* a* S g S a

o § |f |   g
3 a. s- V o i

s§>
7^ oT ?
3 3 S N 2.
CD '   *"   i 

^ _ ̂ CD   '
CD

rt -n a. 0^5'

CD CD -^

Zi ""^ 0
^ o-o 

o 2 3
(Q ZT CD 
CD Zi
zi Zi :^-
o - S
° S o'
^ CD Zi 

§ QJ  
^ zi o
-. Q. -h

i ̂* zi 00^-

"   2.
Q) -j CD

CD P^' QJ

1 i ̂ Q) 3 O

3.5'"
o

3. S 2.
^ Q) rt

S m 0
CD <Q
QJ Q- g 
0 2
g S CO

is .
Q) CD

o" 3 S -    CD
=:   Q-

CD" -. o
o <"2   M CD r-h

j t/5 o

" I w
^-i- zr zs
Q)

iJ£ 
^-* C/D

o   < CQ ~*^ *C

CD -H =:
Zi O QJ

_ S 3
DO Hi Z
Q) CD ;=*  
to Q. CD

= < 03

°:| S
CQ 5 Zi

S l̂-
3 CD Zi 
_ Q.

Zi --~ CD
0 ^

S S- M
CO QJ "*
O tn
0) to

9^5
^ - CD 3

fc IP

^ to r~\ ^
> =r _ ̂
2S.a=-
C CD CD < ^^ o

-S-2JS =? <3 O E2.CD  % QJ QJ 
O «" QJ 3 3 C/5   1
  i n c/j 3 ^- ,-.
X CD c/i CD __ ;_; 
S w QJ =.' S 51 3
^ c/j CD CD CD ;_;

I|s| ^ \
° 31? S ^^^
w m 3 3 JT^
CD QJ ^3 ^r 

CQ S  CD /

^'o'o0- >' CD Z3 QJ / > 
=3 W -^ 33 / f

Z3   , QJ _j. /^ /
-S =- / /
§-"> - a" / /
CD -* o ^ §^ /

2iS)(S~< =S /o

<f|-os i v f ^ 5 o to ^ -n M

^3 O" -^0
^^ ^~

S- P 5"

to

p2^2^~2f~i^
g.a-g'^!g"oo>3^ g" 
-.tTSSBH^oS
  ^N^o^OO^
^.Oo^°o^3<^3c?

S ^ < ' JB <" <' i <" ;   ; [^ o >-{ o Q t-J o

I I ^ | >

^ 1 "H. g 5=
 5' 5 TO "' ^3

  '-- OS
00 c>

OOOOOljJi  OOi  
Os to oj tvJ oo to j^ ^o Lyi

»  »
UJtWtOlOUJOO^Vi^.^.

 K  ..- .;-.-"=.r-fr. ...  --

QJ C

~? ^r °
1= if 1 ^ c
I QJ -* 
1   <°

\. I '

r- '*j 
/ A / / \

/o / 1
QJ~ /

O OO
5- 5
33 5'

3
  Q

g5 Z ^ ^ ^ ^ ^
g ° a B s= & g
i3" 3" p' 3 a a I3" 
W3 C/J 3 fj 0 fB -< 

= 3 JJ ff S § |

I" 1" ST ?. 2 E?. =! 3 3 ""<<<  

" -  p p p Is-
Q S " ^ t, ^

  n S" sf
g 3 S
51 2 S £   ' 0-

p Tl
T) n

I ^

'   * KJ
O "*   '
^*^

o O >  i  NJ to   
00 -J KJ -J O UJ OS

L»J OJ U* 4^- ^-n Ln -C^.

CO

QJ -ry

3 Z
_T -<
  QJ

- 3.

\ =

V * 1 fc i L_ W
' * * ^k-^ JT

*^F / - 7 / * - / / ^ ^ i (Q ^ / 
I Z 3, 0 /

\ oo 5- /Q
\ QJ QJ I QJ 
\^ / 0
l=r. 3 ' A- QJ QJ

3 3QJ 
^0 w

^

Z^^^^HQ^

£* 3 p. g^" gr T^ P. XT 3*3"'-.^;3 ^x5 

-<=cra ^ o 3' 3 o 

| 7°. 70 <°. S 73 ^ %

B: S g § ?? < g? j 
= "* <  « < < 
gj q q q

q n ^
3 00
cr L_J

""1 3. " rv

S "9
Q /-*.
/    s '-"-
OJ ^"^

^ K> O

 Ph. C^i -pi. K> tsi > » O OJ 
-^ NJ U> OO Ji. 4^

*   » l^> f^j

OO **Q OO -P^ ON O bJ --J

H 
c
CD 

CD
5"

33

^^B <^

~*i

CD

f
5"
ia
c  a 
en
3 w 
» !?
3 (D
3 S)
5-3
o
3
3o
c
3*

**".* 

«-» z
3

2* ~
^ s

c| $
 

"? S' H
 * "^ rt
<^o S
C (0  

3

s^^crsrs-^co 300^5.^2,° CO H-( i * ^- H - y < »  , f.
^rSS5-<<;c0-
3   o 3 03 P X
?>§ § "= i^ m

C 3 <; P P

p £t o ] K>
O 3 3" C  *" 

TO -  era" EL c

| cf §" I §"

S 3 I 5 I 5 s: 3 < 2
P3 CD

"^ P3 "3 p^ ^^

§ 8,1^ GO p '   -r1

o o co ^

O 3 3 3" 
^03°

list ^ -  3 P

^ 3 2 ^
cf ^ § § 

Isl W O CD

CD cr " _i QJ ZJ
Q) -  O

	o S
- -   ? '~l"

o w g" Q3 -J
S-  -* cn
OJ ZT
a, "> 5J
S 3 "

9 I
^' -^" C/l /~\
CD ^   O

-35'^
to CD Z3 
^-t- Q- ^ _1_

--- CD

&^^

CD CO ^

5,2. 9:
- CD

""""^ ^ ZT

CD 13
OJ CD

NITRATE CONCENTRATION IN STREAMS, 
as percent of annual median

co_ O ET TO 3 co 
9 G. TO O ^ & 3

&o t-?"
O -^

3" 3 5'
a- £L 3

o>-h
v;
o
e?

& 3
 . o
E? o

o p 3
GO O 
GO o

ET | 
o
GO

g.
O 3
O 3

%*  rj, ^- 
0,0^ Ut-  ( (-Q

1| 
§ 

o a
SI
CT- 
0

S m " S.
2 TO O

§ 5 I § ' 5" 2, %
S & 2s. ^ 3 g cj-
q P a. v;
S t» TO ^

i &ir CO HI 3 O

S 3- o g
aTO 2 i:
3 S- s- TO 
o 2 s= 2, O - 3 _.
a. ^ §; 5-

IT = KJ «

o c 
^3

-.,3

!l 3 "

*M
c "

3 5'

o. P a* o 3*_

| 5-1 s f 3" 5- 3 >-t o

3 Q* 3* _. H?
3 5: s 5^ S

oo S- o 
i ^ < ^ §

ll in S 3 >T3 tt Cf

o a.  -»  p 3
s 2? s- B- T3 5 TO , Q

S ! I 9 <'p-nff 
0 rm 2 S'

Q CD GO

O C GO

B- | H |  < 3^ h-i
o £L o o

? s H
I i * »«» ^ <§" & <& a "» <^ > s- =*> s ^ -s. a. a .,
?; i t-i i §  11 as 5-  <s  « a
(^ <^ *«k
-* a. a 5n _ « ».

 C
a

p 
o o

TO P PC
CC 3 P
3 O. 3

^1-
o p GO S- 3-
o o < 
-  g "*

li!
Pi t §"! 
g-ls- 1^3
" P TO

3- >
O "

a. 3
y p

P 3 GO >73

5- 51
CO TO

§1 
If0 fl

I!3 & ~; *-<

?T g o 2 S E- O E?" 
p » '^Opq-

^ I 1 I I
§ 3 5' 3 g_
51 2, GO o' ^

r^ <3 03

d 2- n § |
cT EL 3 R ?


